We study long-run selection and treatment effects of a health insurance subsidy in Ghana, where mandates are not enforceable. We randomly provide different levels of subsidy (1/3, 2/3, and full), with follow-up surveys seven months and three years after the initial intervention. We find that a one-time subsidy promotes and sustains insurance enrollment for all treatment groups, but long-run health care service utilization increases only for the partial subsidy (1/3 and 2/3) groups. We find evidence that selection explains this pattern: those who were enrolled due to the subsidy, especially the partial subsidy, are more ill and have greater health care utilization.
Introduction
Many poor households in developing countries lack access to health insurance, and their poverty is exacerbated by health-related problems (Dercon, 2002) . In the absence of insurance, households bear a high proportion of medical expenses in the form of out-of-pocket (OOP) payments, and face financial constraints that act as significant barriers to health care access (Gertler and Gruber, 2002; Xu et al., 2003; Wagstaff, 2007) .
1 Many developing countries have increasingly been instituting social health insurance schemes (SHIs) to help mitigate the effects of adverse health shocks, especially for the poor (WHO, 2005 (WHO, , 2010 . 2 However, even though SHIs are theoretically mandates and offer low sign-up costs and generous benefits to increase enrollment, take-up and retention rates remain very low in many countries (Fenny et al., 2016) , especially among the poorest households (Acharya et al., 2013) .
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Achieving universal coverage or a high enrollment rate is important in terms of risk pooling and the sustainability of social health insurance; however, it is often difficult for developing countries to successfully impose mandates, primarily due to administrative constraints. There have been various efforts to promote health insurance enrollment and health care utilization, but many recent studies find such efforts have limited impact. 4 Even after successfully promoting health insurance enrollment in the short run, retention and sustainable improvements in health service utilization and health status remain a challenge. The long-run effects of an intervention have important implications for policy. For example, an increased retention rate may yield economic and health benefits when individuals engage in health services on a regular and timely basis, which may improve the sustainability of the health insurance program. Nevertheless, this topic remains relatively understudied.
A subsidy is one of the few successful types of interventions used to promote health insurance enrollment (e.g., Thornton et al., 2010) . However, an important question emerges 1 The World Health Organization finds that OOP payments as a proportion of private expenditure on health reach 77.6% in low-income countries (WHO, 2015) . 2 Recent examples of countries that have instituted SHIs include Ghana, Kenya, Nigeria, Tanzania, and Vietnam. Countries in the process of instituting SHIs include Cambodia, Laos, Malaysia, Zimbabwe, and South Africa. (Wagstaff, 2010) . 3 In a rural district of Northern Ghana, our study area, the annual fees and premiums of the SHI are about $5; the program covers almost 95% of disease conditions without deductibles or copayments. However, by the end of 2010, the total active membership reached only 34% of the total population (National Health Insurance Authority (NHIA), 2011). 4 For example, Wagstaff et al. (2016) and Capuno et al. (2016) find subsidy and information do not successfully promote health insurance enrollment. Thornton et al. (2010) find subsidy increases short-term enrollment but does not increase health care service utilization.
regarding the level of subsidy. Different levels of subsidy (price) may attract people with different characteristics, and this selection may affect health care service utilization and health outcomes among the insured. 5 The screening effect of subsidy level has been studied for a few health products, such as malaria bed nets (Cohen and Dupas, 2010) and chlorine for water purification (Ashraf, Berry, and Shapiro, 2010 ), but has not been investigated for health insurance in a developing country setting. 6 This study aims to fill this gap in the literature through a field experiment. Similar to Kremer and Miguel (2007) and Dupas (2014) , we employ experimental variations in exposure to a health product and follow the behavioral response in the long run. We randomly selected communities for the subsidy intervention and randomized different levels of subsidy (one-third, two-thirds, and full subsidy) for the insurance premiums and fees for one-year's coverage at the household level. To measure the impact of these interventions, we conduct a baseline survey and two follow-up surveys, one at seven months and the second at three years after the initial intervention.
Through this experiment with short-and long-run follow-up surveys, we first study whether a subsidy for premiums and fees promotes health insurance enrollment in the short run.
Second, we study whether the level of subsidy affects health insurance enrollment, health care service utilization, and health status to shed light on the potential selection effect of the level of health insurance subsidy. Last, we study whether a one-time intervention could have sustainable impacts on health insurance enrollment, health care service utilization, and health outcomes in the long run.
We find a significant increase in short-run insurance take-up. Those receiving one-third, two-thirds, and a full subsidy were 39.3, 48.3, and 53.8 percentage points, respectively, more likely to enroll in health insurance in the short-run. Three years after the initial intervention, we still observe increased enrollment. Those who received one-third, two-thirds, and a full subsidy were 17.3, 14.0, and 18.9 percentage points, respectively, more likely to enroll in health insurance in the long run. 5 In addition, as Dupas (2014) explains, the price level may affect the long-run adoption of health products through the "anchoring" mechanism, where a previously encountered price may act as anchor and affect people's valuation of a product regardless of its intrinsic value. 6 The burgeoning literature in developed countries, especially in the United States, has studied this topic extensively (see, for example, Einav, Finkelstein, and Levin, 2010 for a comprehensive overview).
In addition, we find evidence of selection. Those who enrolled due to our intervention (compliers) are more ill and have larger health expenditures than those who did not enroll regardless of intervention (never-takers). Among compliers, individuals in the partial subsidy group are particularly more ill and have larger health expenditures than those in the full subsidy group.
Last, we do not find evidence of improvement in health status despite the increase in health care expenditures in the long run, especially for the partial subsidy groups who are more likely to have been selectively enrolled in health insurance.
In summary, this study shows that a short-term subsidy intervention can successfully sustain health insurance enrollment where mandates are not enforceable. At the same time, we also observe a selection pattern: those who are more ill and have larger health care expenditures are more likely to enroll in health insurance in the long run, which affects the financial sustainability of social health insurance. This selection is particularly prominent in the partial subsidy groups.
Our study contributes to three strands of literature. First, our study contributes to the broad empirical literature on the effects of health insurance coverage on health outcomes, which has so far produced mixed evidence. Thornton et al. (2010) , Fink et al. (2013) , and King et al. (2009) do not find evidence that health insurance affects overall health care expenditures and health outcomes in Nicaragua, Burkina Faso, and Mexico, respectively. 7 However, Miller, Pinto, and Vera-Hernandez (2013) find that health insurance coverage improves health care service utilization and health outcomes in Colombia. In addition, Gruber, Hendren, and Townsend (2014) investigate Thailand's health care reform and find that increased access to health care among the poor could decrease infant mortality. In terms of OOP expenses, some studies observe no or adverse effects of insurance on such expenses (e.g., Thornton et al., 2010; Fink et al., 2013) , while others find the opposite (e.g., Galárraga et al., 2010) . Last, the existing literature on health insurance in developing countries largely focuses on short-run health effects. 8 To our knowledge, 7 Further, Thornton et al. (2010) finds substitution between the use of health clinics covered by health insurance and those that are not covered, but overall utilization did not increase. King et al. (2009) find a decrease in catastrophic expenditure, but overall changes in health care service utilization are negligible. 8 In the US setting, a RAND experiment reports insignificant effects of insurance coverage on average health outcomes but finds negative effects on health outcomes for the more vulnerable subgroups (Newhouse and the Insurance Experiment Group, 1993) . Relatively recent studies find positive effects of exposure to public health insurance during childhood on various long-term health outcomes (Currie, Decker, and Lin, 2008; Miller and Wherry, 2016; Boudreaux, Golberstein, and McAlpine, 2016). this study is the first to examine the effects of insurance coverage on both short-and long-run health outcomes in a low-income setting.
Second, our study contributes to the literature on sustainability of health intervention programs. This study is, to our knowledge, among the first to document evidence of the long-run effects of interventions on insurance enrollment retention in a developing country. While the idea of promoting sustainability is attractive, it is difficult to achieve in practice. The challenges in promoting sustainable health insurance enrollment could be even greater because health care services in developing countries are generally of low quality and unreliable. 9 The few studies on this topic include those by Kremer and Miguel (2007) and Dupas (2014) . In contrast to Kremer and Miguel (2007) , who find limited evidence that a subsidy promotes long-run adoption of worm treatment, Dupas (2014) finds that a one-time subsidy may boost long-run adoption of malaria bed nets.
It is important to note, however, that the long-run effect of a one-time health insurance intervention is quite different from that of health product adoption such as worm treatment and malaria bed nets. Having health insurance does not necessarily result in improved health status.
To be successful, health insurance enrollment should promote health care service utilization and prevent moral hazard behaviors. In addition, learning about the effects of other health products, such as deworming medicine, bed nets, and water disinfectants, could be less setting-specific than the case of health insurance, where the quality of health care services could vary considerably across settings.
Third, our study complements a growing body of work that explains the role of pricing in take-up and use of health products and services in developing countries. We study whether the characteristics of people who remain enrolled in health insurance in the long run vary by the level of subsidy. The effect of prices on utilization of health products and services has received considerable attention recently. While proponents of user fees argue that cost-sharing is necessary for the sustainability of health programs (World Bank, 1993; Easterly, 2006) , there is a concern that even a small fee may prevent those most in need from purchasing the product. Recent studies aiming to test the existence of the screening effects of higher prices on health product utilization find mixed results. While Ashraf, Berry, and Shapiro (2010) find that high prices stimulate product use through a screening effect in chlorine for water sanitation, Cohen and Dupas (2010) find no effect of higher prices on the use of malaria bed nets.
The remainder of this paper is structured as follows. Section 2 outlines the research context. Section 3 describes the experimental design and data. Section 4 presents the empirical strategy and Section 5 presents the main results. Section 6 concludes the paper.
Institutional Background

National Health Insurance Scheme (NHIS) in Ghana
The National Health Insurance Scheme (NHIS) in Ghana was established by the National Health Insurance Act (Act 560) in 2003. It aims to improve access to and the quality of basic health care services for all citizens, especially the poor and vulnerable (Ministry of Health, 2004 Annual means-tested premiums, which are charged to informal sector workers, range from $5 to $ 32. However, owing to the lack of information on household incomes, rural districts tend to charge the lowest premiums, while urban districts charge higher premiums. Indigents, pregnant women, children under 18 years, and the elderly over 70 years are exempt from premiums but not registration fees. 11 All members, except for indigents and pregnant women, are required to pay 10 There are three types of insurance schemes in Ghana: District Mutual Health Insurance Schemes (DMHIS), Private Mutual Health Insurance Schemes (PMHIS), and Private Commercial Insurance Schemes (PCHIS). The focus of this study is DMHIS, which represents 96 percent of insurance coverage (GSS, GHS and ICF, 2009) . They are operated and subsidized by the government through the National Health Insurance Fund (NHIF). PMHIS are non-profit nonsubsidized schemes run by NGOs, religious bodies and cooperative societies. PCHISs are for profit schemes that do not receive government subsidies. 11 The law defines an indigent as "a person who has no visible or adequate means of income or who has nobody to support him or her and by the means test." Specifically, an indigent is a person who satisfies all of these criteria: i) unemployed and has no visible source of income, ii) does not have a fixed place of residence according to standards determined by the scheme, iii) does not live with a person who is employed and who has a fixed place of residence, and iv) does not have any identifiably consistent support from another person.
registration fees when they first register and when they renew. Those who do not renew their membership by the due date pay penalties when they eventually renew their memberships.
The benefits package of the NHIS, which is the same across DMHISs, is very generous, albeit new members wait for three months before they can enjoy the insurance benefits. As described in Table A1 , the package covers: 1) full outpatient and inpatient (surgery and medical) treatments and services, 2) full payment for medications on the approved list, 3) payments for referrals on the approved list, and 4) all emergencies. The NHIA (2010) estimates that 95% of disease conditions that affect Ghanaians are covered by the scheme. Those who enroll do not pay deductibles or copayments for health care service utilization by law; however, according to the USAID (2016), health care providers often charge unauthorized fees that are inaccurately described as copayments. In addition to the lack of affordability, negative perceptions of the NHIS explain the low enrollment rate. For example, Alhassan et al. (2016) note that those enrolled in the NHIS generally perceive they are not receiving good-quality health care, for reasons such as long wait times and the poor attitudes of health staff towards patients. Additionally, Fenny et al. (2016) observe that perceived quality of service and socio-cultural factors such as trust, bad attitudes of health facility staff, and drug shortage contribute to low enrollment and retention rates in Ghana.
Setting
This study was conducted in Wa West, a poor and remote rural district in Northern Ghana ( Figure A1 In the study area, even though the Community-Based Health and Planning Services (CHPS) has increased accessibility to health care services, 13 there are only six public health centers and no tertiary health facility. 14 During the study period, the district had only 15 professional nurses and no medical doctor (Nang-Beifua, 2010). The district also has a high disease burden.
The most common cause of outpatient visits in the region is malaria, which accounts for one third of outpatient visits. Other common causes of outpatient visits are acute respiratory-tract infections and skin diseases.
The Wa West DMIHS was introduced in January 2007. In 2011, it charged a uniform premium of $5.46 (GHC 8.20) for adults (18-69) and a processing fee of $2.67 (GHC 4) for firsttime members and $0.60 (GHC 1) for renewals. Late renewals incur a fee of $1.30 (GHC 2) in addition to full premiums for all years for which membership was not renewed. 15 The baseline enrollment rate in 2011 for the study sample is 20%.
Research Design
Interventions
We provided subsidy intervention for insurance premiums and fees to households in randomly selected communities. 16 The level of subsidy was further randomized at the household 13 CHPS are community health facilities that provide primary health care. They are located within rural communities with limited access to larger hospitals and are manned by nurses. Among the services offered are treatment of common ailments (malaria and diarrheal diseases) and maternal and child care services. 14 About 75% of the communities in the study sample were within 6 km (3.73 mi) of a health facility. 15 The exchange rate at the time of the study was $1 = GHC 1.5. 16 In addition to subsidy (Subsidy), we originally introduced other interventions: an information campaign on the national health insurance (Campaign) and an option for individuals to sign up in their community instead of traveling to the district capital (Convenience). Interventions were overlapping and randomized at the community level. In total, we had eight study groups: Subsidy only, Campaign only, Convenience only, Subsidy + Campaign, Subsidy + Convenience, Campaign + Convenience, Subsidy + Campaign + Convenience, and a control group. We find limited effects of the Campaign and Convenience treatments. For example, Campaign and Convenience have inconsistent effects on health insurance enrollment over time. Campaign increases enrollment significantly in the short run, but not in the long run, while Convenience only has impacts in the long run. In addition, we do not find a detectable effect of the Campaign & Convenience treatment on short-and long-run health insurance enrollments. We were also concerned that the low number of communities in each treatment group may lead to incorrect standard errors. As a result, we decided to focus on the Subsidy intervention under the assumption that there is no complementarity between level: one-third ($2.67), two-thirds ($5.40), or full ($8.13) subsidy (see Figure 1 ). Subsidies were given in the form of vouchers, which were distributed between November 2011 and January 2012, valid for two-month, and redeemable at the Wa West DMHIS center. 17 The voucher specified the names, ages, and genders of all household members, expiration date, and place of redemption.
Households that did not receive a full subsidy were informed about the extra amount needed to register all members. 
Data Collection
The study sample includes 2,954 individuals from 418 households in 44 communities. We conducted the baseline survey in September 2011 and implemented the intervention in October 2011. Two follow-up surveys were conducted, one at seven months and the second three years after the intervention. The baseline survey collected information on demographic characteristics, employment, health status, health care service utilization, enrollment in the NHIS, and health behaviors for all household members.
The first follow-up survey collected information on health care service utilization, health status, and health behaviors. In the second follow-up survey, we collect sets of information similar to those in the first follow-up survey but with greater detail to improve the quality of the data. For example, we asked for specific dates and the respondent's status since the first follow-up for up to three episodes of several important illnesses, such as malaria, acute respiratory diseases, and skin diseases. As a result, there are some differences in the construction of short-and long-run utilization measures that prevent a direct comparison of health care service utilization and health status in these survey periods.
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Subsidy and other treatments. To investigate the cleaner effects of subsidy variation, we restricted the sample to the control and Subsidy only groups (i.e., excluding Subsidy + Campaign, Subsidy + Convenience, and Subsidy + Campaign + Convenience). The results are similar and while there are some differences, they do not affect the interpretation of any of the main findings in our study (results available upon request). 17 The voucher could also be used to either initiate or renew insurance membership. Those who did not enroll at the baseline (80 %) could use the voucher anytime. Those who had already enrolled at the baseline (20 %) could only use the voucher if their existing renewal was due within the voucher's validity period. Otherwise they could not use the voucher. 18 For one-third or two-thirds subsidy households, vouchers took one of two forms: specified and unspecified. If a household received a specified subsidy voucher, its members were listed on the voucher, along with the specific amount of subsidy for each of them. Thus, reallocation of a subsidy within a household was not possible. If a household received an unspecified subsidy voucher, reallocation of the subsidy was possible because the voucher only showed the total amount of subsidy for the whole household, not the specific amount for each member. 19 The health facility visit variable in the first follow-up survey is constructed from the following question: "The last time (in the last four weeks/last six months) (NAME) was ill or injured, did he/she visit any health facility?" However,
The main outcome variables of interest are health insurance enrollment, health care service utilization, health status, and health behaviors. 20 Health care service utilization is measured by health facility visits in the last four weeks and last six months as well as OOP health expenditure.
Health status is measured by the number of days of illness in the last four weeks, the indicator and the number of days an individual was unable to perform normal daily activities due to illness as well as self-rated health status. 21 Health behavior is measured based on whether the respondent was sleeping under bed nets and using safe water technologies.
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The attrition rate in the first follow-up survey was relatively low (5 %) but increases in the second follow-up survey (21 %), as shown in Table A2 . 23 The short-and long-run attrition rates
are not systematically correlated with our interventions. Table 1 presents the summary statistics of baseline characteristics and balance tests between the intervention and control groups. Panels A, B, and C report the average values of the individual, household, and community characteristics. Columns 1 and 2 report the average characteristics for all respondents and control groups, respectively. The average respondent is about 24 years old and 48% are male. About 20% were enrolled in the NHIS at the baseline survey, and 36% had ever registered with the scheme. In terms of health characteristics, 12% reported a sickness or injury in the last four weeks, about 4% visited a health facility in the last month, and 14% made a positive OOP health expenditure. The average household lives within 5.4 km of a health facility and 20 km from the district capital.
Baseline Characteristics and Balance Test
in the second follow-up survey, the same variable is constructed from questions about respondents' visits during illness episodes. For example, an individual is said to visit a health facility in the last six months if his/her illness episode occurred in the last six months and he/she sought treatment in the health facility. This different structure of questions suggests that the magnitude of effects between the short-and long-run are not directly comparable. Studies have documented the role of recall periods on self-reported health status and health care utilization in developing countries (e.g., Das et al, 2012) . 20 Health insurance enrollment is measured at the individual level. Self-rated health status, which is restricted to those aged 18 years or older, is only available in the follow-up surveys. Health behaviors are measured for those aged 12 years or older. 21 Variables for limited normal daily activities were derived from the following questions: "During the four weeks, did (NAME) have to stop his/her usual activities because of this (illness/injury)?" and "For how many days (in the last one month) was (NAME) unable to do his/her usual activities?" 22 We ask only about sleeping under a bed net in the baseline and short-run follow-up surveys, but we ask for more details on bed net and safe water technology use in the long-run survey. 23 The main reasons for attrition in the first follow-up survey are deceased (17%), traveled (61%), relocated to other districts (16%), and others (6%). Information on reasons for attrition is not available in the second follow-up survey.
Our empirical approach requires a balance of baseline characteristics between the intervention and control groups that could affect outcome variables. To test this assumption, we compare the means of the variables at the baseline (Table 1) . Columns 3 to 5 present results from regressions of each variable on control and subsidy level indicators. Column 6, which reports the p-values from the equality test, shows that only 2 out of 31 tests are statistically significant at the 10% level. We also compare the baseline differences between each subsidy level group in Columns 7 to 9. 5 out of 93 t-tests are statistically significant at the 10% level. Overall, these results suggest that our randomization is successful in creating balance across the control and treatment groups.
Estimation Framework
To measure the effects of our intervention on various outcomes, we estimate the following reduced-form intent-to-treat (ITT) effect of each level of subsidy:
where yihc denotes the outcomes for individual i of household h in community c. The outcomes of interest include NHIS enrollment, health care service utilization, health status, and health behaviors. X denotes a vector of baseline individual covariates, such as indicator variables for age, gender, religion, ethnicity, and schooling. Household covariates Z include household size and a wealth index indicator (poor third, middle third, and rich third). 24 Community covariates V include distance to the nearest health facility and to the NHIS registration center. 25 We also control for a baseline measure of the dependent variable to improve precision. The results are robust when we exclude the baseline controls (results not shown). Estimations employ a linear probability model.
For each outcome, we present its short-and long-run estimations.
24 The wealth index is obtained through a principal components analysis with dwelling characteristics (e.g., number of rooms and bedrooms in the house), enterprise (e.g., ownership of any private non-farm enterprise), livestock (e.g., number of chickens and pigs), and other assets (e.g., motorcycles and bicycles). 25 In addition, we controlled for indicators for Subsidy + Campaign, Subsidy + Convenience, and Subsidy + Campaign + Convenience.
We cluster standard errors at the community level 26 to account for possible correlation in the error terms within the same community. 27 We also perform 1,000 draws of a wild-cluster bootstrap percentile t-procedure suggested by Cameron et al (2008) to address concerns about small number of clusters, which could lead to downward-biased standard errors (Bertrand et al., 2004; Cameron et al., 2008) .
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To obtain the effects of insurance coverage for compliers, we conduct a two-stage least squares (2SLS) regression, where the first-stage regression equation is Equation (1) with health insurance enrollment in the short run as the dependent variable. We estimate the following secondstage regression:
where we instrument for short-run enrollment. Then, we capture the local average treatment effect for those who were induced to enroll in health insurance as results of our subsidy intervention.
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Because we estimate Equation (1) for many different outcome variables in health care utilization and health status domains, a multiple hypothesis testing problem may occur. The probability we incorrectly reject at least one null hypothesis is larger than the conventional significance level. We address this concern using two methods. First, we group outcome variables into a domain and take the average standardized treatment effect in each domain, as suggested by Kling, Liebman, and Katz (2007) and Finkelstein et al. (2012) . For the health care utilization domain, we group five outcome measures including intensive and extensive measures of health facility visits in the last four weeks and last six months and OOP expense incidence. For the health status domain, we group four outcomes including self-rated health status, number of days of illness, inability to perform normal activities, and the number of days lost to illness. Second, we apply the free step-down resampling procedure to adjust the family-wise error rate, that is, the probability of incorrectly rejecting one or more null hypotheses within a family of hypotheses 26 We also cluster standard errors at the household level. The results do not change our main conclusion (available upon request). 27 Individuals in the same community are not completely independent of each other, especially in terms of healthrelated outcomes (Srinivasan et al., 2003) . There are also studies that find important roles of communities on a host of socio-economic outcomes (Kling et al., 2007; Chetty et al., 2016) . 28 Our study has 44 clusters. While there is no clear threshold for too few clusters, the number could vary between 20 and 50 (Cameron and Miller, 2015) . 29 We assume that income effect of the subsidy is neglectable. (Westfall and Young, 1993 Figure 2 shows the enrollment rates of the control and treatment groups at the baseline, short-run follow-up, and long-run follow-up surveys by level of subsidy. In general, it shows that enrollment rate increases with subsidy level in the short and long run, but the impacts attenuate over time. We observe the largest incremental increase in enrollment rate between receiving zero (control group) and one-third subsidy in the short run, but smaller incremental increases in the subsequent levels of subsidy. In the long run, the treatment group is still more likely to enroll in health insurance, but the differences among the one-third, two-thirds, and full subsidy groups become insignificant. show that the effects on enrollment attenuate but are sustained over time. Column 1 of Panel A
shows that overall subsidy intervention increases short-run insurance enrollment by 43.6
percentage points (160%). Long-run enrollment also increases by 20.6 percentage points (90%) (Column 2).
In terms of the level of subsidy, receiving a one-third, two-thirds, and full subsidy is associated with, respectively, a 39.3, 48.3, and 53.8 percentage points higher likelihood of enrolling in insurance in the short run than the control group (Column 1). Even though the enrollment rate of the one-third subsidy group is lower than that of the two-thirds and full subsidy groups in the short run, the enrollment rate of the one-third subsidy group is at least as large as those of the two-thirds and full subsidy groups in the long run (p-value > 0.6).
The short-run arc elasticities are large. Overall, when price decreases from $8.13 to $0, demand for health insurance increases from 27.2% to 81.0% (arc elasticity is -0.54). 31 The estimated arc elasticity is close to the elasticity of preventive health products in developing countries, such as -0.6 for chlorine, a disinfectant that prevents water-borne diseases in Zambia (Ashraf, Berry, and Shapiro, 2010) , and -0.37 for insecticide-treated bed nets for malaria prevention in Kenya (Cohen and Dupas, 2010) . The estimated arc elasticity is also similar to that of preventive health products in developed countries, such as -0.17 and -0.43 for preventive health care in the United States (Newhouse and the Insurance Experiment Group, 1993) and -0.47 for cancer screening in Korea (Kim and Lee, 2017) .
Our finding that a larger subsidy may lead to higher health insurance enrollment corresponds to Finkelstein et al. (2017) . However, it is worthwhile noting that our finding is contradictory to the special zero price argument suggesting that individuals act as if pricing a good as free not only decreases its cost but also adds to its benefit (Shampanier et al., 2007) . For example, Thornton (2008) and Dupas (2014) find a larger decrease between zero and small nonzero prices in demand for HIV testing and malaria bed nets. In contrast, we find a very large incremental increase in enrollment between zero and the one-third subsidy (full and two-thirds price) but no significant difference between the two-thirds and full subsidy (one-third and zero price). A possible explanation for this finding is the framing of the price of health insurance. Unlike the work of Thornton (2008) and Dupas (2014) , our subsidy intervention focuses on the level of subsidy instead of the level of price, and, therefore, the largest response to the intervention is found between zero and a small (one-third) subsidy.
Selection into Health Insurance
Selection into social health insurance could have important implications for the financial sustainability of the program, especially when mandates are not enforceable, in that people who are more ill or those with larger health care service utilization could be more likely to select into the program.
We first show evidence of selective retention in health insurance by level of health care service utilization. Those who have larger health care service utilization are more likely to remain enrolled in health insurance, as shown by the standardized treatment effects (Panels A and B of Table A3 ).
To gain further insight on selection into health insurance, we compare the individual and household characteristics of compliers, always-takers, and never-takers. The impacts we estimate are driven by compliers who enroll in health insurance due to our subsidy intervention. Following
Almond and Doyle (2011) and Kim and Lee (2017) , we calculate the mean characteristics and test the differences among compliers, always-takers, and never-takers.
To do so, we first define a binary variable T, an indicator for whether an individual is assigned to the treatment group (Subsidy). Next, we define a binary variable H, an indicator for holds from the monotonicity assumption. P(H0 = 1), the proportion of always-takers, and P(H1 = 0), the proportion of never-takers, can be directly measured from the sample. P(H0 = 1), the proportion of always-takers can be thus measured by Pa, the proportion of insurance takers in the control group. Similarly, the proportion of never-takers, P(H1 = 0), can also be measured by Pb, the proportion of insurance non-takers in the treatment group. The proportion of compliers is 1-Pa -Pb. Therefore, P(H0 = 1|H1 = 1) and P(H0 = 0|H1 = 1) are + and + , respectively.
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By rearranging equation (3), the characteristic of compliers can be calculated as follows:
32 The estimated share of compliers, always-takers, and never-takers are 47.4%, 27.1%, and 25.5% in the short run, and 24.3%, 23.0%, and 52.7% in the long run, respectively.
Table 3 presents the summary statistics of the entire sample, compliers, always-takers, and the never-takers for short-run selection (Columns 1 to 4) and long-run selection (Columns 8 to 11).
Columns 5 to 7 report the t-statistics for the mean comparison between compliers and alwaystakers, compliers and never-takers, and always-takers and never-takers in the short run. Columns 12 to 14 report similar statistics in the long run. By comparing compliers and never-takers, we find that our subsidy intervention attracted people who were more ill and had larger health expenditure, especially in the long run (Column 13). For example, compliers were more likely to have limited daily activities in the last four weeks compared to never-takers, and the differences became larger and more significant in the long run.
Next, we explore the selection pattern by level of subsidy by comparing compliers of the full subsidy and partial subsidy intervention. To do so, we restrict the sample to those who were insured in the Subsidy treatment group. The reasonable assumption that we impose is that alwaystakers in the full and partial subsidy groups are the same. Since we restrict our sample to those insured in the treatment group, which consists of compliers and always-takers, any difference between full and partial subsidy groups in the restricted sample is due to the compositional changes of compliers. Table 4 presents the results of 24 regressions where we regress each health characteristic on an indicator of full subsidy. The last two rows in Panels A and B report the average standardized effects for health status and health care utilization in the short and long run, respectively. The results show that partial subsidy compliers are more likely to be ill and have larger health care expenditure in the long run but not in the short run.
In summary, we find that, in general, compliers are more ill and have larger health expenditures than never-takers. Among the compliers, those in the partial subsidy group are more ill and have larger health expenditure than those in the full subsidy group. In addition, it is worth noting that the selection patterns we show in Tables 3 and 4 are more prominent in the long run, suggesting heterogeneous impacts of subsidy interventions on health care utilization by level of subsidy, especially in the long run.
The reason selection is stronger in the long run could be because health insurance is an experience good, a service where product characteristics are easier to observe upon consumption (Nelson, 1970) . For example, those with health insurance can afford to make more frequent contacts with medical services. They can collect more private health information and learn more about costs and benefits of health insurance than those without insurance.
Also, stronger selection in the partial subsidy group may be due to the positive amount of insurance premiums and fees that individuals in the partial subsidy group need to pay, compared to zero-cost for the full-subsidy group, which may induce them to enroll selectively. Those with partial subsidy may enroll in health insurance only if they expect the net gain to be positive, that is, expected benefits of health insurance are greater than the cost. We find that insurance coverage leads to an increase in utilization of health care services in both the short and long runs, which corresponds to the fact that health insurance enrollment is sustained in the long run (Panel A1). It is worth noting that an increase in health care service utilization in the long run is at least as high as that in the short run (Columns 6 and 12) even though the enrollment rate decreased.
Impacts on Health Care Services Utilization
The results regarding health care utilization by level of subsidy are interesting (Panels A2 and A3). Even though the increase in long-run health insurance enrollment is similar across subsidy levels and the short-run increase in health care utilization is greater in the full subsidy group, we find evidence of an increase in health care utilization in the long run only for the partial subsidy group, not the full subsidy group. This result suggests that selection could be important for explaining the increase in health care utilization through health insurance promotion.
We also study the impacts on OOP expenses (Column 5). We find limited evidence that health insurance prevents OOP expenses either the short or long run. 33 There are a few possible 33 Again, the size effects in the short-and long-run are not directly comparable because the short-and long-run OOP expenses are constructed differently. In the short run, respondents were asked about more general OOP expenses, but in the long run, OOP expenses only included those related to the treatment of several important illnesses (e.g., malaria, skin diseases, and acute respiratory infection). Specifically, for the short-run OOP expense, we use the individual's response to the following question: "On (NAME's) most recent visit to a health facility, did he/she pay any money from his/her own pocket at a health facility in the last six months?" On the other hand, to construct the long-run OOP expense, we use information on whether individuals made positive OOP expenses in each illness episode (i.e., malaria, acute respiratory infection, and skin diseases) that occurred in the last six months.
explanations for this finding. First, as we described earlier, most services are free under the NHIS, but health care providers often charge unauthorized fees as copayments. Second, medicine is often in short supply at the public health centers, and those who receive a diagnosis may purchase medicine from a private pharmacy. Third, those without health insurance often use traditional or herbal medicine which is inexpensive, and therefore, substitution from traditional medicine to formal health care does not decrease OOP expenses. Table 6 presents the effects on health status in the short run (Columns 1 to 5) and long run (Columns 6 to 10). Columns 5 and 10 present average standardized effects. 34 Panel A1 shows that insurance coverage improves health status in the short run. 35 However, this positive health effect seems to disappear in the long run even though health insurance enrollment and health care service utilization continue to increase, as shown in Tables 2 and 5 . Panel B, which shows the 2SLS results, confirms a similar pattern: the emergence of short-run positive health effects (although most are not statistically significant) dissipate in the long run. We even find negative health effects on the number of sick days and daily activities in the long run (Columns 7 to 9). The negative health consequences in the long run are mainly driven by those in the partial subsidy group (Columns 7 to 9 of Panels A2 and A3) who also experienced an increase in health care utilization.
Impacts on Health Status
36
Negative health consequences despite increased health care utilization in the long run appears contradictory. One possible explanation is that people become more sensitive to symptoms and/or aware of their illness, which may lead to a reporting problem. This could happen when people make frequent contacts with health facilities (Finkelstein, et al, 2012) . Those who experience health care services could learn about the specific symptoms of illnesses, and thus 34 We group outcome measures into two domains (i.e., health care utilization and health status) and then take the average standardized treatment effect in each domain, as suggested by Kling, Liebman, and Katz (2007) and Finkelstein et al (2012) . Specifically, we stack individual outcome data within each domain and estimate a single regression equation for each domain to obtain the average standardized treatment effect. For the health care utilization domain, we group five outcome measures including intensive and extensive measures of health facility visits in the last four weeks and last six months and out-of-pocket expense incidence. For the health status domain, we group four outcomes including self-reported health status, number of days of illness, inability to perform normal activities, and the number of days lost to illness. 35 Self-rated health status is measured only for those aged 18 years and above. 36 To help shed light on the lack of long-run health outcomes, we investigate individuals' health behaviors regarding the use of malaria bed nets and safe water technologies. We find some suggestive evidence on the decrease in the overall health investments in the full subsidy group, which is not consistent with the results in health utilization and status (Column 5 of Table A4 ).
become more sensitive about their health status. Also, those who receive a diagnosis could be more aware of the times or periods they were sick. As a result, they are more likely to report being ill.
Unfortunately, we are not able to test these explanations with our data, especially because our health status measures are self-reported, and it is difficult to know whether the negative selfreported health status reflects an actual deterioration in physical health. More research is needed
to verify more precise mechanisms through which health insurance enrollment and health care utilization may result in a decline in self-reported health status.
Conclusion
This study examines the long-term consequences of one-time short-run subsidy interventions on health insurance enrollment, health care service utilization, and health outcomes in the long run, especially when mandates are not enforceable. In addition, we study the role of pricing in health insurance by measuring important behavioral responses to different levels of subsidy (i.e., one-third, two-thirds, and full subsidy). In Northern Ghana, we implement three randomized subsidy interventions to promote health insurance enrollment. We then use the resulting variation in insurance coverage to estimate the effect of insurance coverage on utilization of health care services, OOP expenses, and health status and behaviors.
We highlight three main findings. First, our interventions significantly promoted enrollment in the short run, and while the impacts attenuate, the positive impacts remained three years after the initial intervention implementation. Specifically, those treated with one-third, twothirds, and full subsidies were 39.3, 48.3, and 53.8 percentage points, respectively, more likely to enroll health insurance in the short run, and 17.3, 14.0, and 18.9 percentage points, respectively, more likely to enroll in the long run.
Second, we find evidence of selection, especially in the long run. Compliers are more ill and have larger health expenditures than never-takers, and this pattern is more prominent in the long run. Among compliers, individuals in the partial subsidy group are particularly more ill and have larger health expenditures than those in the full subsidy group. As a result, health care expenditures of the partial subsidy group, who more selectively enrolled in health insurance, increases in the long run, even though health insurance enrollment rates are similar across levels of subsidy. Third, we do not find evidence of improvement in self-reported health status despite the increase in health care utilization in the long run.
Critics of the Ghanaian NHIS have argued that the scheme is overly generous and financially unsustainable because of the huge percentage of NHIS members under premium exemption without co-payment (Alhassan et al., 2016) . The selection we find in this study may negatively affect the financial sustainability of the system.
Our results provide some policy implications for health insurance in other developing countries as well. As mentioned earlier, the general impression of health care services under Ghana's NHIS is not positive, implying that the long-term take-up of health insurance and service utilization would be higher in a setting with better health care services. However, selection and behavioral responses are difficult to predict, as high-quality health care services may have better educational components, but they may also increase moral hazard.
Taken together, these findings highlight that even though short-run interventions successfully increase health insurance enrollment, their long-run success in promoting health status could depend on behavioral responses such as selection. Our findings suggest that as health insurance continues to be introduced in developing counties, both careful enforcement of mandatory health insurance enrollment to prevent selection and establishment of policies to encourage desirable health behaviors need to be considered. Notes: Columns 1 and 2 report mean of all respondents and control group. Columns 3 to 5 present results from regressions of each variable on control and subsidy level indicators (1/3, 2/3, and full). Column 6 reports the p-value from a joint test of equality of the three coefficients reported in Columns 3 to 5. Column 7 reports total number of observations. Columns 8 to 10 present results from separate regressions of each variable on one-third and two-thirds subsidy levels (Column 8), on one-third and full subsidy levels (Column 9), and on two-thirds and full subsidy levels (Column 10). Robust standard errors are clustered at community level. *, **, and *** denote statistical significance at 10 %, 5 %, and 1 %. levels, respectively. (individual, household, and community) and baseline measure of dependent variable. P-values for the equality of effect estimates for various pairs of treatment groups are also presented. Robust standard errors clustered at community level are reported in parentheses. Wild-cluster bootstrapt p-values are reported in square brackets. *, **, and *** denote statistical significance at 10 %, 5 %, and 1 % levels, respectively. Note: This table presents the mean individual (Panel A) and household (Panel B) characteristics of the entire sample, compliers and always takers, and never takers. The mean characteristics of compliers are estimated from Equation (4). Columns 5-7 and 12-14 present the t-statistics from the two-sample t-test comparing compliers with always takers, compliers with never takers, and always takers with never takers, respectively. Notes: Panels A and B report ITT and 2SLS results, respectively. Panels A1, A2, and A3 report the effects of receiving any subsidy, partial and full subsidy, and each subsidy level (1/3, 2/3, and full), respectively. All regressions include a standard set of covariates (individual, household, and community) and baseline measure of dependent variable. Standardized treatment effects in the short and long run are reported in Columns 6 and 12, respectively. P-values for the equality of effect estimates for various pairs of treatment groups are also presented. Robust standard errors clustered at community level are reported in parentheses. Wild-cluster bootstrap-t p-values are reported in square brackets. Family-wise p-values are reported in curly brackets. *, **, and *** denote statistical significance at 10 %, 5 %, and 1 % levels, respectively. Notes: Panels A and B report ITT and 2SLS results, respectively. Panels A1, A2, and A3 report the effects of receiving any subsidy, partial and full subsidy, and each subsidy level (1/3, 2/3, and full), respectively. All regressions include a standard set of covariates (individual, household, and community) and baseline measure of dependent variable. Standardized treatment effects in the short and long run are reported in Columns 5 and 10, respectively. P-values for the equality of effect estimates for various pairs of treatment groups are also presented. Robust standard errors clustered at community level are reported in parentheses. Wild-cluster bootstrap-t p-values are reported in square brackets. Family-wise p-values are reported in curly brackets. *, **, and *** denote statistical significance at 10 %, 5 %, and 1 % levels, respectively. Notes: Dependent variable is a binary variable indicating whether an individual had been attrited in the short-and long-run follow-up surveys. All regressions include a standard set of covariates (individual, household, and community). Robust standard errors clustered at community level reported in parantheses. *, **, and *** denote statistical significance at 10 %, 5 %, and 1 % levels, respectively. Notes: This table reports estimation results of running univariate regression of each selected health characteristics on an enrollment indicator in short and long-run. Panel A summarizes regression results when sample is restricted to those who enrolled in the baseline. Panel B summarizes results when sample is restricted to those who enrolled in the short run. Standardized treatment effects on health status and health care utilization in the short and long run are reported in the last two rows of Panels A and B, respectively. Robust standard errors clustered at community level reported in parantheses. Robust standard errors clustered at community level reported in parantheses. Wild-cluster bootstrap-t p-values are reported in Column 3. *, **, and *** denote statistical significance at 10 %, 5 %, and 1 % level respectively. Note: Health behaviors are measured for those aged 12 years and above. Dependent variable in Column 4 is an indicator variable of whether a household member does anything to their water to make it safe to drink. Panels A and B report ITT and 2SLS results, respectively. Panels A1, A2, and A3 report the effects of receiving any subsidy, partial and full subsidy, and each subsidy level (1/3, 2/3, and full), respectively. All regressions include a standard set of covariates (individual, household, and community) and baseline measure of dependent variable. Standardized treatment effect in the long run is reported in Column 5. P-values for the equality of effect estimates for various pairs of treatment groups are also presented. Robust standard errors clustered at community level are reported in parantheses. Wild-cluster bootstrap-t p-values are reported in square brackets. Family-wise p-values are reported in curly brackets *, **, and *** denote statistical significance at 10 %, 5 %, and 1 % levels, respectively.
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